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This invention relates to improvements indi 
rective antennas, more particularly antennas of 
the type including a beam-forming reflector such 
as a paraboloidal sheet. One of the problems 
Which arises in the use of such antennas is that 
of feeding or “illuminating' the reflector With 
Out undue distortion of the directive pattern by 
the masking effect or “shadow' of the feed struc 
ture. The difficulty may be avoided by using an 
Offset reflector, with the focal point and the feed 
Structure outside the main beam. However, this 
arrangement requires an antenna of greater over 
all dimensions than a Symmetrical arrangement, 
for the Same beam width or gain. 
When a reflector which is symmetrical about 

the axis of the main beam is used, the feed struc 
ture must be located in the path of the reflected 
energy, and its presence causes a region of low 
intensity or "shadow' in the wave front. The 
effect is to Subtract from the undisturbed direc 
tive pattern a broad 'shadow pattern' which 
decreases the size of the main pattern lobe and 
increases the undesired secondary lobes. 

It is the principal object of the present in 
Wention to provide methods and means for com 
pensating or neutralizing the above described 
shadow effect. 
More Specifically, it is an object of this inven 

tion to provide improved feed structures for an 
tennas of the type including beam-forming re 
flectors. 
The foregoing objects are achieved in accord 

ance with the instant invention by providing the 
feed structure With means for radiating a por 
tion of the available power in the direction oppo 
site the reflector. This power is made to have 
an amplitude and phase approximately equal to 
that masked by the feed device. 
The invention will be described with reference 

to the accompanying drawing, wherein: 
Figure 1 is a plan view of a directive antenna, 

iQf the So-called "pillbox” type, embodying the 
invention, 

Figure 2 is a Sectional view in elevation of the 
Structure of Figure 1, 

Figure 3 is a perspective view of the feedstruc 
ture of the device of Figure 1, 

Figure 4 is 3, perspective view of a modifica 
tion of the antenna, of Figure 1, and 

Figure 5 is a view in elevation, partly in sec 
tion, of a rear feed horn which embodies the 
present invention. 

Referring to Figures 1 and 2, the 'pillbox' in 
cludes two flat parallel metal sheets f and 3 
partially enclosing a relatively narrow strip 5 

(CI. 

5 

0. 

250-33.65) 
2 

which is curved about a vertical axis to form a 
Short cylindrical paraboloid. A hollow metal 
Walled wave guide 7 extends vertically down 
through the center of the forward edge of the 
upper Sheet , terminating in a right-angle bend 
9 at the center of the rectangular aperture formed 
by the sheets and 3 and the strip 5. The mouth 
or Opening of the wave guide T is substantially 
at the focus of the paraboloid formed by the 
strip 5. 
A narrow horizontal slit 3 is provided in the 

Wall of the guide 7 at the bend 9, on the side 
away from the opening . The optimum width 
of the slit f3 depends on the relation between 
the size of the pillbox aperture and the size of 
the Wave guide, but generally will be between 
One-fourth and one-tenth the height of the open 
end of the Wave guide. A body 5 of dielectric 
material such as polystyrene covers the slit 3. 

20 The thickness of the body 5 depends upon the 
dimensions of the pillbox and the wave guide 7 
and is most conveniently determined experi 
mentally as will be described. - 
The adjustment and operation of the above 

25 described antenna is as follows: 
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A radio receiver, not shown, which may com 
prise merely a detector and an indicator, is 
coupled to the upper end of the wave guide 7. A 
transmitter is set into operation at some rela 
tively remote point, and the pillbox aligned so 
as to receive the transmitted signal on the largest 
side lobe or Secondary lobe of the pillbox direc 
tive pattern. The width of the slit is made some 
arbitrary value, and a tapered wedge of dielec 
tric material is moved across the position to be 
occupied by the body 5, to determine the thick 
neSS which results in a minimum response. 
The above procedure is repeated, using different 

Slit widths, to obtain the combination of dielec 
tric thickness and slit width for least response 
in the largest Secondary pattern lobe. To a first 
approximation, this adjustment will minimize all 
the side lobes simultaneously, while increasing 
the Sharpness of the main beam. 
In the operation of the antenna for transmis 

Sion, energy is supplied to the upper end of the 
Wave guide 7, and travels to the bend 9, where 
the most of it emerges from the opening 
toward the Strip 5. The strip 5 reflects and con 
centrates the energy in substantially parallel rays, 
as indicated by the dash lines in Figure 1. The 
wave guide obscures the central part of the re 
Sulting Wave front, however, tending to widen 
the beam. This effect is overcome by energy 

55 radiated from the slit 13. The dielectric body 
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5 delays the energy radiated from the sit 3 
by the amount necessary to bring it into phase 
with that which is masked off by the wave guide. 
The Overall result is approximately the same as 
if the wave guide 7 were transparent to the en 
ergy reflected from the strip 5. 

It will be apparent that the operation for recep 
tion is Substantially the reciprocal of that for 
transmission: the received energy which is 
masked off by the wave guide and thus does not 
reach the reflector strip 5 is compensated by 
energy which enters the slit 3 directly, without 
reflection. Therefore the optimum adjustments 
of slit width and dielectric thickness for recep 
tion are also optinuin for transmission. 
The antenna of Figure 1 is particulariy Suited 

for horizontally polarized fields, wherein the elec 
tric vector is parallel to the sheets and 3. The 
Spacing between the sheets and 3 must be 
greater than one-half wavelength, and the pro 
pagation through the guide i is in the so-called 
TEol mode. 

Figure 4 shows an antenna, generally similar 
to that of Figure 1 but arranged for operation 
With vertically polarized fields. The "pillioox' 
is Similar to that of Figure i, and its parts are 
designated by corresponding reference charac 
ters. The feed device in this example comprises 
a coaxial line, With its outer conductor ter 
minating on the upper sheet and its inner con 
ductor 9 extending across the opening of the 
pillbox at its focus. A cylindrical reflector 2 
partially surrounds the exposed lower end of the 
conductor 3 to direct radiation therefron to 
ward the reflecting strip 5. 
AS in the Systein of Figure 1, the feed struc 

ture obscures the central part of the main beam, 
To neutralize the resulting 'shadow,' a vertical 
slit 23 is provided in the cylindrical refiector 
2. This slit is covered by a body 25 of dielectric 
material to introduce the required phase delay. 
The electric field vector is perpendicular to the 
sheets and 3 in Figure 4. Otherwise, the opera 
tion and adjustment are like that of the device 
of Figure 1. 
The invention has been described thus far 

with reference to “pillbox” type reflectors com 
prising cylindrical paraboloids bounded by flat 
parallel sheets. It Will be apparent, however, 
that the invention is not limited thereto, and 
may be practiced With other types of reflector 
configurations and other types of feed devices. 
One prior art feed device which presents a, 

partial Solution to the problem of feed masking 
is the so-called “rear feed,” wherein a rearwardly 
directed radiator is supported on a wave guide 
extending through the back of the reflector and 
along the principal directive axis. A structure 
of this type, improved in accordance with the 
present invention, is shown in Figure 5. A wave 
guide 2: extends through the back of a reflector 
29, which may be a cylindrical paraboloid, a 
paraboloid of revolution, or other bean-forning 
shape, and terminates in an aperture 3 facing 
away from the reflector. A metal cap 33 is Sup 
ported on the end of the wave guide 2, near 
the aperture 3, and is shaped So as to return 
or reflect energy radiated therefron back to 
ward the Imain reflector 29. “Shadow' effect is 
minimized because the cap 33 and its supporting 
Wave guide 2 may be made Small So as to inter 
cept but little of the energy reflected from the 
reflector 29. 
The performance of the rear feed structure of 

Figure 5 is improved, in accordance with the pres 
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4. 
ent invention, by providing a small opening 35 
in the cap 33, of such dimensions as to radiate 
about the same power as is intercepted by the 
feed. As in the other embodients described 
above, the phase of the energy radiated through 
the opening 35 may be delayed by a cover 36 or 
filling of dielectric material. Alternatively, the 
opening 35 may be designed to act as a Wave 
guide operating near its cutoff frequency, and 
introduce an advance in the phase of the energy 
travelling through it. The length of the passage 
35 through the cap 33 must then be made such 
as to provide the required change in phase. 
Summarizing briefly, the present invention 

contemplates the reduction or elimination of 
'shadow' effects caused by the presence of the 
feed structure within the bean formed by a re 
flector, by radiation of power in the direction 
away from the reflector, in the Sazine phase and 
a.inplitude as the power Elasked by the feed. 

cairn as lay invention: 
1. In a directive antenna System including a 

reflector, a radiator arranged to illuminate said 
reflector with energy radiated therefron and 
partially intercepting the energy reflected from 
Said reflector, said radiator comprising a con 
ductive sheet having a slot therein, said slot being 
positioned to radiate in Substantially the same 
direction as the principal direction of reflected 
radiation from Said reflector, and means delaying 
the phase of radiation from Said slot to make Such 
last-mentioned radiation conform in phase with 
that intercepted by said radiator. 

2. In a directive antenna system including a 
reflector, a radiator arranged to illuminate said 
reflector with energy radiated therefrom and 
partially intercepting the energy reflected from 
Said radiator, Said radiator comprising a conduc 
tive Sheet having a slot therein, Said slot being 
positioned to radiate in Substantially the same 
direction as the principal direction of radiation 
reflected from Said reflector, and means for mak 
ing the radiation from said slot conform in phase 
With that intercepted by Said radiator. 

3. The invention Set forth in claim 2, wherein 
the Width of Said Slot is such that the amplitude 
of the energy radiated therefrom is substantially 
the same as that of Said energy intercepted by 
Said radiator. 

4. A directive antenna System including a re 
flector comprising a parabolic cylinder bounded 
by flat parallel plates, a wave guide extending 
Substantially at right angles to Said plates and 
terminating in an opening at the focus of Said 
cylinder and facing toward said reflector, said 
Wave guide including a Second opening facing 
away from Said reflector, and a body of Solid 
dielectric material through which energy from 
said Second opening passes for making the phase 
of the radiation from Said Second opening con 
form in phase with that intercepted by said wave 
guide. 

5. A directive antenna, including two parallel 
flat sheets of conductive material, a strip of con 
ductive material in the form of a parabolic cyl 
inder joining said sheets with its axial plane 
perpendicular to said sheets, a wave guide ex 
tending substantially along the focal line of said 
cylinder and terminating in a right-angle bend 
toward Said cylinder and having Walls, that Wall 
portion of Said Wave guide most remote from 
said cylinder at said bend including a slot whose 
width is between one-fourth and one-tenth the 
distance between said flat sheets, and a sheet 
of dielectric material covering Said slot. 
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6. A feed structure for a paraboloidal reflector, 
comprising a hollow wave guide terminating in 
an opening which faces away from the reflector, 
a conductive body adjacent said opening and 
formed to direct radiation therefrom toward Said 
reflector, said body including an opening which 
faces away from Said reflector, and means alter 
ing the phase of energy radiated through said 
last-mentioned opening. 

7. A feed structure for a paraboloidal reflector 
comprising a radiator, means directing the ma 
jor portion of radiation therefron in one direc 
tion for reflection by Said reflector, Said means 
causing a shadowed Spaced in the radiation pat 
tern of said reflector with said means, and means 
directing a relatively small portion of the radia 
tion fron said radiator in the opposite direction 
into the shadowed Space, Said last-mentioned 
means including means introducing a predeter 
mined delay in the phase of said radiation there 
from. 

8. A feed structure for directive antenna Sys 
tens having a reflector, comprising a hollow 
lectangular Wave guide having an opening facing 
said reflector, a fiat sheet of conductive material 
at, one end of said Wave guide and at an angle 
of 45 degrees to the direction of propagation of 
energy therein and in a position at the end of 
said wave guide to direct energy therefrom to 
said reflector, the radiation pattern of said re 
flector and feed structure having a shadowed 
Space, said sheet including a slot lying perpen 
dicular to said direction of propagation and hav 
ing a width between one-fourth and one-tenth 
the width of Said wave guide radiation through 
said slot from the side of said sheet facing said 
reflector to the other side illuminating said 
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shadowed Space to compensate for the Shadow, 
and a body of Solid dielectric material positioned 
to be traversed by energy passing through Said 
slot and not by energy not passing through said 
Slot. 

9. A directive antenna Systein comprising, a 
reflector, a feed structure arranged to illumi 
nate the reflector as a transmitting antenna, or 
receive energy reflected therefrom as a receiving 
antenna, said feed Structure including a trans 
frission line having a portion forming a shadowed 
space in the radiation pattern of the reflector, 
said transmission line having a radiator direct 
ing energy away from said refiector into said 
shadowed space as a transmitting antenna, or 
intercepting energy directed toward said reflector 
as a receiving antenna from said shadowed space, 
thereby to compensate for the shadow of the 
radiation pattern without Said radiator. 

10. The antenna, System claimed in claim 9, 
said transmission line radiator comprising a slot 
in a conductor of Said transmission line. 

HARLEY AMS. 
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